The idea that the Dmrt1 gene provides a unifying sex-determining mechanism in non-mammalian vertebrates is left high and dry by recent observations in fish.
This theme is explored further in chapter 3. Not only are chickens found to have a Dmrt1 homologue, but also this gene maps to the Z chromosome [8] . Birds do things differently in sex determination: unlike mammals, females are the heterogametic sex (ZW), while males are homogametic (ZZ). It is not clear whether this system revolves around a dominant Wlinked female-determining gene, or a dosage-sensitive Z-linked male-determining gene. Clearly, Dmrt1 is a candidate in the latter scenario.
Perhaps the most convincing evidence for an important role of Dmrt1 in testis differentiation in vertebrates came from expression studies. These studies showed, in a number of species including humans, mice, chickens, alligators and turtles, that Dmrt1 expression is limited to the gonads [9] [10] [11] [12] [13] . This expression is considerably up-regulated in developing testes compared to ovaries. The timing of this up-regulation varies between species, but it generally occurs in the late sex-determining or early testis-differentiation period. These characteristics of Dmrt1 expression in different species leave little doubt that this gene is specifically involved in the early formation of testes.
The first twist in the story comes from the observation that Dmrt1 knockout mice do not show sex reversal or dysgenesis of fetal testes; rather, the testes show defects in survival and differentiation of somatic and germ cells after birth [14] . This could mean that Dmrt1 is not involved in testis determination in mice, or in vertebrates more generally. An alternative explanation is that other, similar genes compensate for the lack of Dmrt1 in these mice. It is now known that a family of seven DM genes exists in humans and mice [15] . Some of these colocalise with DMRT1 on human chromosome 9p, and may contribute to the gonadal dysgenesis phenotype of the 9p deletion patients. The expression profiles of all family members are being investigated to assess which gene or genes might compensate for Dmrt1 in the knockout mice. Until these data become available, and Dmrt1 knockout mice are crossed with mice deficient in other DM genes, the jury is out as to what role, if any, is played by Dmrt1 in sex determination in mice.
Meanwhile, hot news came from the study of medaka fish. Medaka, unlike many other fish, use a simple genetic sex determination mechanism similar to that found in mammals, with XX females and XY males. Two groups set out to positionally identify the male sex-determining gene from the medaka Y chromosome. Schartl and colleagues [16] delimited the Y chromosome-specific region to some 260 kilobases, and identified a Dmrt1 homologue, Dmrt1bY, as the only functional gene in this chromosomal segment. Nagahama and colleagues [17] reported similar findings, and went further to analyse two inbred mutant strains, Awara and Shirone, that yield XY females. The Awara mutant was found to carry a mutation causing a frameshift and premature termination of the Dmrt1bY protein, while Shirone was found to have reduced Dmrt1bY expression, presumably due to an uncharacterized regulatory defect. To date, no evidence has been produced by gain-of-function studies that Dmrt1bY can induce male development in XX medaka. However, the identification of Dmrt1bY as a gene that maps to the sex-determining region of the medaka Y chromosome and is necessary for male development reawakened the notion that Dmrt1 is a fundamental male sex-determining gene, the function of which is conserved throughout vertebrates.
The gous to its putative role in humans and mice, although this remains to be determined experimentally. The studies relating to medaka Dmrt1 illustrate yet again the vast diversity of sex-determining mechanisms that have evolved in the animal kingdom ( Figure  1) , a diversity that thwarts almost all attempts to distil common themes. Even if a role for Dmrt1 as a sexdetermining switch gene in chickens is established, we will be left wondering whether the same holds true in all bird species, and in the reptilian clades that use a ZZ/ZW sex-determining mechanism (Figure 2 ). We will also need to continue searching for the elusive genes that underpin sex determination in mammalian species such as monotremes [18] and various mole voles [19] that lack Sry, and in vertebrate species that determine sex through environmental cues such as temperature and social situation. It seems Dmrt1 and Sry have many accomplices in animal sex determination. So who dunnit? Be sure to read further chapters.
